Objective To determine whether patient outcomes differ between general internists who graduated from a medical school outside the United States and those who graduated from a US medical school.
Introduction
International medical graduates make up a quarter of the physician workforce in the United States, United Kingdom, Canada, and Australia. [1] [2] [3] [4] [5] In the UK, these graduates are largely from India, Republic of Ireland, and Pakistan, and in the US, largely from India, the Philippines, and Pakistan (not including US citizens who have gone abroad for medical education and returned to the US to practice). 3 The licensure process for international medical graduates varies between these countries: in the UK, students have to pass an English language and Professional and Linguistic Assessments Board tests so they can register with the UK General Medical Council to practice. 6 In the US, students must pass two examinations that test medical knowledge and one examination that assesses clinical skills, and they must complete accredited residency training in the US (see supplementary appendix 1 for details). 7 Although international graduates are required to pass these examinations to practice medicine in the UK and US, there have been no UK based or US based standardized accreditations of foreign medical schools, and consequently both policymakers and the public have expressed concerns about the quality of care provided by these graduates. [8] [9] [10] [11] In addition, studies have suggested that there may be implicit biases that the quality of care international graduates deliver may be inferior to that of doctors trained domestically, potentially leading to discriminations against physicians who have trained abroad. [12] [13] [14] In response, in the US, the Educational Commission for Foreign Medical Graduates recently announced the requirement for all foreign medical schools to be accredited through a formal process by 2023. 15 However, it is unclear whether current licensure processes for international medical graduates provide adequate safeguards for ensuring high quality care.
Though concerns about the quality of care delivered by international medical graduates are often raised, available data comparing patterns of care and outcomes between international medical graduates and doctors trained domestically are limited. The evidence that does exist is inconsistent and has focused on measures such as test scores [16] [17] [18] and process measures of quality. 19 The studies that have examined patient outcomes have been small and from a few US states or a single Canadian province, making it difficult to draw conclusions about the quality of care provided by international graduates more broadly. [20] [21] [22] [23] Given the substantial public interest in and ongoing concerns about the quality of care such graduates provide in the US, UK, and other high income countries [8] [9] [10] [11] and policymakers' efforts to assure more consistency in foreign medical education, it would be helpful to have empirical data on how international medical graduates perform.
Using a national sample of elderly patients admitted to hospital in the US, we sought to answer three key questions. First, do patients treated by internists who graduated outside the US have different mortality compared with patients treated by internists who graduated from a US medical school? Second, given substantial efforts and interest in reducing rates of readmissions and costs of care, do international graduates have higher readmission rates or provide more costly care than US graduates? Finally, do differences in patient outcomes and costs of care between the two types of graduates, if any, vary by clinical condition?
Methods
We linked four data sources: the 100% Medicare Inpatient Files , the 20% Medicare Carrier Files (2011-14), the American Hospital Association annual survey on hospital characteristics, and a comprehensive physician database collected by Doximity (see supplementary appendix 1 for details of this database, including its validation [24] [25] [26] ). We identified Medicare fee-for-service beneficiaries age 65 years or older who were admitted to the hospital with a medical condition during 1 January 2011 to 31 December 2014, as defined by the presence of a Medicare severity-diagnosis related group on hospital admission. The unit of analysis was hospital admissions. Our sample was restricted to patients admitted to the hospital who were treated in acute care hospitals and excluded elective admissions and those in which a patient left against medical advice. To allow sufficient follow-up periods, we excluded patients admitted in December 2014 from analyses of 30 day mortality and patients discharged in December 2014 from 30 day readmission analyses. For the cost analyses, we restricted our sample to patients with admission and discharge dates in 2011-2014 to ensure that we observed all costs during hospital stay.
We assigned each hospital admission to a physician based on the national provider identifier in the carrier file that accounted for the most Medicare part B spending during that hospital stay. [26] [27] [28] In the US, costs for care of patients admitted to hospital consist of part A spending (payments to hospitals) and part B spending (professional and other fees determined by the physician). We focused on part B spending because it encompasses professional and other services at the discretion of physicians; and for patients admitted to hospital, part A spending is largely invariant to physician decisions because of the fixed payment by Medicare severity-diagnosis related group. On average, 51.1%, 22.0%, and 11.1% of total part B spending was accounted for by the first, second, and third highest spending physicians, respectively. We focused on general internists to avoid comparing physicians across different specialties. Physicians' specialties were identified using multiple sources, including the data collected by the American Board of Medical Specialties and other specialty societies. We also restricted our analysis to graduates of allopathic medical schools.
Identification of international medical graduates
The Doximity database includes information on the medical school from which a physician graduated. We identified countries where each medical school was located using multiple sources, including the International Medical Education Directory organized by the Foundation for Advancement of International Medical Education and Research, 29 the Association of American Medical Colleges database, 30 and web pages of individual medical schools. In our study sample, data on graduate medical schools were available for approximately 85% of general internists.
Patient outcomes
The primary outcome was 30 day mortality of patients. Secondary outcomes were 30 day readmission rates and costs of care. We defined the costs of care as total part B spending for each hospital admission.
Adjustment variables
We adjusted for patient characteristics, physician characteristics, and hospital fixed effects (ie, hospital specific indicator variables included as covariates). Patient characteristics included age in five year increments (65-69 years through 90-94 years, and ≥95 years), sex, race or ethnic group (non-Hispanic white, non-Hispanic black, Hispanic, other), primary diagnosis (defined by Medicare severity-diagnosis related group), Elixhauser comorbidity index 31 (27 coexisting conditions), median household income estimated from residential zip codes (in deciles), an indicator for dual Medicare-Medicaid coverage, year indicators, and day of the week. Physician characteristics consisted of age in five year increments (<35 years, 35-39 years, and so on through 65-69 years, and ≥70 years), sex, and patient volume (number of Medicare beneficiaries treated as a continuous variable with quadratic and cubic terms to allow for a non-linear relationship). Hospital fixed effects account for both measured and unmeasured characteristics of hospitals, allowing us to effectively compare patient outcomes between international and US medical graduates within the same hospital. [32] [33] [34] 
Statistical analysis
We first examined whether patient mortality differed between international and US medical graduates using three models.
Model 1 compared patient outcomes between the two graduate groups, adjusting for patient characteristics using a multivariable logistic regression model. Model 2 adjusted for all variables in model 1 plus physician characteristics, thereby comparing adjusted patient outcomes of the international graduates with US graduates across hospitals. Model 3 adjusted for all variables in model 2 plus hospital fixed effects, effectively comparing international graduates with US graduates within the same hospital. [32] [33] [34] We clustered standard errors at the physician level. 35 We then evaluated whether readmission rates and costs of care differed between the international and US graduates. For the readmission analyses, we used the same set of multivariable logistic regression models as we did for the mortality analyses. For our analyses on costs, we used multivariable ordinary least squares regression models, with the same set of adjustment variables as those used for the analyses of mortality and readmissions. Because we evaluated three outcomes, we considered a P value of less than 0.016 to be statistically significant.
Finally, we assessed whether differences in patient outcomes varied according to the primary condition for which a patient was admitted. We evaluated six major conditions treated by general internists, selected based on frequency: sepsis, pneumonia, congestive heart failure, chronic obstructive pulmonary disease, urinary tract infection, and arrhythmia (see supplementary table A for a list of ICD-9 (international classification of diagnosis, ninth revision) codes for these conditions).
Sensitivity analyses
We conducted sensitivity analyses. First, to address the possibility that the international graduates might treat patients with lesser or greater unmeasured severity of illness, we restricted the study population to patients treated by physicians who specialize in the care of patients admitted to hospital ("hospitalists") (we focused on general internists (including both hospitalists and non-hospitalist general internists) for main analyses, and hospitalists for the sensitivity analysis). These physicians typically work in shifts, and therefore, within the same hospital, patients treated by them are plausibly quasi-randomized to a given physician based on that hospitalist's work schedule. 26 36 Second, since there are multiple ways to assign physicians to patients, we tested two alternative methods to assign physicians to patients: assigning physicians who had the largest number of evaluation and management claims, and assigning physicians who billed the first evaluation and management claim for a given hospital admission. 37 Third, to account for the influence of international medical graduates who were US citizens, we excluded international graduates who graduated from medical schools in Central America and the Caribbean, because three quarters of US citizen international medical students graduate from medical schools in these countries. Fourth, since differences in length of stay, utilization of care (total part B spending per hospital admission), or discharge location might explain differences in patient outcomes between the graduates, we further adjusted our regression models for these variables. Fifth, to deal with the impact of unobserved care preferences of patients, we excluded patients with cancer and patients who were discharged to hospice care. 40 Sixth, as international graduates might be more or less likely to work as intensivists in intensive care units, we excluded hospitals with a medical intensive care unit. Seventh, it is possible that residents bill Medicare claims on behalf of their attending physicians at teaching hospitals, and differences in patient outcomes might be related to the quality of care delivered by residents. To address this, we stratified our sample by teaching status of hospitals (major teaching, minor teaching, and non-teaching hospitals), and within each group we compared international medical graduates with US medical graduates (adjusted for patient and physician characteristics and hospital fixed effects). Finally, we examined whether patient outcomes varied by countries where international medical graduates were trained, after restricting to eight countries with the largest number of international medical graduates going to the US (India, Pakistan, Philippines, Syria, Nigeria, Mexico, Egypt, and China) to avoid unstable estimates (see supplementary appendix 1 for more details).
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for implementation of the study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants or the relevant patient community.
Results

Hospital, physician, and patient characteristics of international graduates
Overall, 44.3% (19 589/44 227) of general internists in the US were international medical graduates. Among the internists, international graduates tended to be younger than US graduates (46.1 v 47.9 years, P<0.001; table 1⇓) and were more likely to work in medium sized, non-teaching for profit hospitals, and hospitals without intensive care units.
In general, compared with patients treated by US graduates, those treated by international graduates were more likely to be non-white, have lower median household income, have Medicaid coverage, and have more comorbid conditions, including congestive heart failure, chronic obstructive pulmonary disease, and diabetes (table 2⇓) .
Mortality
Our final sample for mortality analysis included 1 215 490 patients who were treated by 44 227 physicians. The overall 30 day mortality was 11.4% (138 519/1 215 490); unadjusted mortality was 11.0% for international graduates (72 269/657 565) compared with 11.9% for US graduates (66 250/557 925). Patients treated by the international graduates had lower risk adjusted mortality compared with those treated by US graduates (adjusted mortality 11.1% v 11.7%; adjusted odds ratio 0.94, 95% confidence interval 0.92 to 0.95; P<0.001; table 3⇓). This relationship remained essentially unchanged after additional adjustment for physician characteristics (adjusted mortality 11.2% v 11.6%; adjusted odds ratio 0.96, 0.94 to 0.98; P<0.001), or after further adjustment for hospital fixed effects, which effectively compared the international graduates with US graduates within the same hospital (adjusted mortality 11.2% v 11.6%; adjusted odds ratio 0.95, 0.93 to 0.96; P<0.001). 
Readmission rates and costs of care
Patient outcomes for specific clinical conditions
The international graduates had lower patient mortality than the US graduates for pneumonia and congestive heart failure. We observed a trend toward lower mortality for all conditions except urinary tract infections, but the differences were not statistically significant for some conditions (fig 1⇓ and supplementary table  B ). We observed no statistically significant difference in adjusted readmission rates between the US graduates and international graduates across all conditions we studied. Costs of care were slightly higher and statistically significant for the international graduates across all conditions we studied ( fig 2⇓) .
Additional analyses
Hospitalists who were international graduates treated patients who were similar across a broad range of characteristics compared with hospitalists who were US graduates, supporting our hypothesis that patients treated by hospitalists are quasi-randomized based on physician work schedules (see supplementary 
Discussion
Using a nationally representative sample of elderly patients admitted to the hospital in the United States, we found no evidence that patient outcomes for graduates who had trained outside of the US were worse than for graduates from a US medical school. If any, patients treated by the international graduates had lower 30 day mortality than those treated by the US graduates. These differences persisted across a broad range of clinical conditions, and even among hospitalists, where patient selection might be less of a concern. We found no differences in readmission rates between patients cared for by international or US graduates, and slightly higher spending for the international graduates. Taken together, our findings should reassure policymakers and the public that our current approach to licensing international medical graduates in the US is sufficiently rigorous to ensure high quality care.
There are several explanations for why international graduates might have better patient outcomes than US graduates. The current approach for allowing international medical graduates to practice in the US may select for, on average, better physicians. Indeed, the match rate for US residency programs is substantially lower for international medical graduates (49.4% ) than for US medical graduates (94.0% for graduates of US allopathic medical schools), 41 and therefore, it is possible that international graduates who are successful in the US matching process might represent some of the best physicians in their country of origin. The fact that the international graduates outperform the US graduates in test scores in the US lends some credence to this hypothesis. 16 In addition, many of the international graduates who are currently practicing in the US likely underwent residency training twice, once in their home country and once in the US, and such intensive and prolonged training may be another reason why they might perform better. It is also possible that the international graduates might be more concerned about professional failure, and therefore are more engaged in continuous training and updating their skills and knowledge base, although we lack evidence to support or refute this hypothesis.
The difference in patient mortality between the international and US graduates, an adjusted odds ratio of 0.95, is at most a modest clinical significance. Based on the risk difference of 0.4 percentage points, for every 250 patients treated by US medical graduates, one patient's life would be saved if the quality of care were equivalent between the international graduates and US graduates. This difference in mortality is comparable to the reduction in mortality we have seen in all cause inpatient mortality between 2000 and 2010 across US hospitals, 42 which is often recognized as the result of national quality improvement efforts, development of clinical guidelines, and new treatments.
Strengths and limitations of this study
The main strengths of this study were its use of nationally representative data, and a natural experiment study design (analysis focusing on hospitalists) to minimize the impact of unmeasured confounders. Patients treated by hospitalists are plausibly quasi-randomized based on when patients seek medical care and on the hospitalist's work schedules. Although it is still possible that the severity of illness of patients seen by the international and US graduates might differ in unobservable characteristics, our data showed that, if any, the international graduates appear to treat patients with higher rates of chronic disease and lower socioeconomic status than do the US graduates. For example, we found that patients treated by the international graduates had lower socioeconomic status (eg, more often identified as being from racial and ethnic minorities, being from lower income neighborhoods, and having higher Medicaid coverage), which is generally associated with worse outcomes. Moreover, we are unaware of any other studies that suggest that the international graduates treat systematically healthier patients than do the US graduates.
Our study has limitations. First, we could not distinguish between foreign born international medical graduates and US citizens who travel abroad for medical training. Approximately 73% of US citizens who are international medical graduates attend medical schools in Central America and the Caribbean. Excluding physicians from these countries in our sensitivity analysis did not affect our findings. However, the results of our analyses by country suggest that there might be some heterogeneity among the international graduates based on where they trained and their reasons for coming to the US. Second, patient mortality may appear lower for the international graduates if coding comorbidities for their patients was more complete. While this is theoretically possible, it is unlikely that coding practices would vary substantially within the same hospital. Further, we observed lower unadjusted mortality for patients treated by the international graduates, which was not affected by coding practice. Finally, although 30 day mortality and readmission rates are widely accepted measures of quality for hospital care, they are not comprehensive. There are other aspects of inpatient care, such as patient experience, which we did not measure.
Comparison with other studies
The findings from our study are consistent with those from a limited set of smaller studies. A study of physicians practicing in Pennsylvania, US found that in-hospital mortality among patients with medical conditions was lower for international graduates compared with US graduates. 20 However, another analysis of medical conditions from Ontario, Canada, 22 and a recent study of surgeons from two US states, 23 reported no difference in mortality between international graduates and locally trained doctors, suggesting that the quality of care provided by the international graduates might depend on specialties, or on the rigorousness of the licensure process which varies from country to country.
Conclusions and policy implications
Using national data on Medicare beneficiaries admitted to hospital, we found no evidence that patient outcomes were worse for those treated by international medical graduates than for those treated by US medical graduates. To an extent there was a difference: patients treated by the international graduates appeared to have somewhat lower mortality than patients treated by the US graduates. Our findings indicate that current standards of selecting international medical graduates for practice in the US are functioning well for at least one important dimension: inpatient outcomes. As we consider expanding our physician workforce, these results suggest that systems modeled on the current rigorous approach to incorporate international medical graduates should allow for better access to care and good outcomes. Further research is warranted to better understand whether patient outcomes differ between international medical graduates and domestically trained doctors for other specialties (eg, psychiatry, intensive care, geriatric care), in the outpatient setting, in the younger populations, and in other high income countries.
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